While accounts of human action may be strengthened by the addition of a biological component we should be careful not to replace "hard core social constructionism" with oversimplified evolutionary narratives in which human traits are "explained" as the product of natural selection. Narratives have inherent weaknesses as explanatory accounts and evolutionary narratives share these weaknesses. In addition there is no consensus amongst biologists on the target of natural selection and human natural history was anything but a gradual step-by-step process of progressive advancement. Work in the cognitive sciences on the nature and function of human cognitive architecture should be integrated into accounts of human social action. Such integration should be done not by reducing human behavior to its biological prerequisites but by conceives of human biology as the basis for the almost unlimited variety of meaningful interaction characteristic of human culture and social life.
Introduction
Humans do not come into the world, as John Locke intimated, as blank slates to be shaped by their experiences (Locke, 1689) . We have a biological nature which shapes our experiences as those experiences shape us. We are living organisms and accounts of ourselves should include an account of what we are biologically.
While accounts of human action should have a biological component, we should be careful how we integrate that component into our accounts. We don't want to reduce accounts of human social action into narratives in which our present is seen as the mechanical and inevitable outcome of an arbitrarily selected evolutionary starting point. We should not replace "hard core social constructionism" (Pinker, 2002 ) with oversimplified evolutionary narratives in which human social action is "explained" as the product of natural selection.
When we read popular evolutionary narratives we need to understand the difficulties and limitations inherent in narratives as explanations. These difficulties don't disappear when the narratives in question are natural historical. It is possible to tell a plausible evolutionary story without any possibility of critical and empirical verification (Lewontin, 2010) . To do so, however, is to replace outdated anthropology with weak biology.
The Darwinian Evolutionary Narrative
Neo Darwinians sometimes compare Darwin to Newton and the theory of evolution to the law of gravity (Dawkins, 1989 , p.1). The comparison is flawed. Newton was able to make a number of relatively accurate predictions on the basis of his theory, Darwin was not. It is possible to talk about Newton's laws; it is difficult to think of the theory of evolution in such law-like terms. Theoretical physics attempts to be both explanatory and predictive while Darwinian biology attempts to be explanatory without being, or claiming to be, predictive (Scriven, 1959b, p. 477 ). Darwin's account of evolution isn't a set of theorems or natural laws expressed in mathematical form. It is a natural historical narrative. Even if it is "the richest explanatory story of all" it remains a story (Boyd, 2009 , p.1).
Darwin presented evolution in the form of a story with characters, setting, actions and events linked temporally and causally through conflict and resolution. These are the elements that give all stories their coherence and plausibility (Sugiyama, 2005 , p.180). Darwin's narrative retains its power, precisely because it is a narrative. This should neither surprise nor trouble contemporary Neo-Darwinians who argue that humans are "story telling" or even "literary animals" (Gottschall & Wilson, 2005) . The telling of evolutionary narratives is an exercise of this central part of our nature.
The problem with narratives is that we often become trapped in them. What happens is seen as the inevitable outcome of what has come before. Often our stories distort and simplify reality in the process of making it meaningful.
Analytic philosophers have conducted detailed analyses of narratives as historical explanations (Gardiner, 1959; Hempel, 1965; Scriven, 1959a Scriven, & 1959b Dray, 1959; Nagel, 1961; Danto, 1965) .
Viewed in analytic terms a story is an account of how change from beginning to end takes place. It takes the following form:
E: x is F at t-1 and x is G at t-3. H happens to x at t-2 (Danto, 1965, p.236) . For a story to count as an explanation, H must be the kind of event which can produce a change of the kind F-G in the subject x (Danto, 1965, p.238 ).
Historical narratives (including natural historical ones) organize the past into temporal wholes (Danto, 1965, p.248) . The end of the narrative determines what we select as the beginning. The chief task in narration is to set the stage for the action which leads to that end (Danto, 1965, p.248) . The acceptance of the narrative as explanatory requires, at least implicitly, the use of general laws supplemented by rules ~ 14 ~ which allow us to identify the things that happen as instances of a more general category of things (Hempel, 1965, p.203) . Narrative explanations do not, however, account for counterfactual conditionals.
"Even if we know in a general way what must have been the kind of cause which was responsible for the change…there is a considerable distance between the establishment of this connection and the identification of the specific event which falls under the general description. In history there is an endless variety of instances which fall under roughly the same general description" (Danto, 1965, p.243) . Identifying the general class an occurrence belongs to doesn't tell us why a particular event falling within that class occurred rather than one of the many possible other events which belong to the same class (Danto, 1965, p.229 ). (1871) is a natural historical account of how species, including homo sapiens, come into being and change. Species possess both variable and invariable traits. At least some of these traits, including the variable ones, are inheritable. Species live in an environment in which they engage in "a struggle for existence" which puts each individual within each species in competition for scare but necessary resources. Species sharing the same environment are in competition for these resources. If, and this is certainly not always the case, the randomly variable and inherited traits give those members of a species which possess them a competitive advantage over those who lack these traits (and by advantage here Darwin meant only an increased likelihood of survival and reproduction) then these variable traits will, over time, become the invariable and defining characteristics of a new species.
Darwin's The Origin of the Species and The Descent of Man
Central to the power of the evolutionary narrative is its elegance and its simplicity. On the basis of a very simple plot it provides an explanation of the growth and development of life on earth from its beginnings. In the beginning there were random variations within life forms and a struggle for existence between and amongst life forms. In the middle is the struggle for existence, natural selection and fitness. The end is modification through descent resulting in the emergence of new life forms.
Though the evolutionary narrative is one the most powerful and influential stories of modern times, it is still a story and like all stories, it leaves a lot out. Survival and reproduction, adaptation and selection, cannot completely explain what organisms are about or how they develop and change (Varela, Thompson & Rosch, 1993, p.194) . They don't explain why organisms develop the particular traits they do rather than other possible traits which might have made them equally fit.
"Why, when vertebrates evolved wings, did they have to give up their front legs to do it? After all, insects can have two pairs of wings and six legs, so there cannot be any deep general biological constraint on development. Why don't birds that live in trees make a living by eating the leaves as countless forms of insects do instead of spending so much of their energy looking for seeds or worms" (Lewontin, 2010)?
Darwin himself was quick to point out that natural selection was not responsible for all species modification, though he clearly thought that it was the main factor. Contemporary biologists agree that natural selection is involved in evolution. Many argue, however, that other endogenous factors play a far greater role than Darwin and Neo-Darwinists grant. Thus the debate amongst evolutionary biologists isn't over whether or not natural selection is a factor in evolution. It is over how significant a factor it is and what other factors are involved as well.
Those who question the neo-Darwinian accounts of evolution point out that exogenous selection hardly ever operates on mutually independent traits. Through a process known as "free-riding" some traits which are not adoptive get selected because they are linked to traits which are. Endogamous and epigenetic factors like genomic imprinting (Peters & Robson. 2008) , multilevel genetic regulations, and developmental noise play a role in evolution as well (Lewontin, 2000) .
Before any phenotype can be offered to selection by the environment a host of internal constraints have to be satisfied and interactions at many levels stabilized. "…selection discards what is not compatible with survival and reproduction… but these limitations allow for a variety of organisms and populations" www.todayscience.org/sst.php
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Vol. It is, of course, true that organisms live in an environment. However the adaptation of organisms to their environment is at best half the story. Environment and organisms aren't completely separate entities which interact with each other in determinate ways. Organisms and environment mutually specify each other (Varela et al., p.198 ).
"…Organisms and environment are mutually enfolded in multiple ways, and so what constitutes the world of a given organism is enacted by that organism's history of structural coupling…such histories of coupling proceed not through optimal adaptation but rather through evolution as natural drift" (Varela et al., 1993, p.202 ).
To say that organisms live in an environment or an "ecological niche," into which they must fit or die says nothing about the limitless number of ways they might fit or what makes some particular parts of the external world an "ecological niche." The only way to tell what constitutes an organism's "ecological niche" is if some organism manages to survive and reproduce itself within it. But just as there is no organism without a niche, there is no niche without an organism (Lewontin, 2010) .
Many terrestrial organisms help manufacture the environment in which they live. Plants, putting down roots, change the physical structure of the soil in which they are growing. They extrude into the soil chemicals that encourage the growth of certain fungi. These molds form intimate connections with the roots that are a pathway for substances that promote plant growth In sum many biologists argue that an evolutionary narrative built solely around natural selection and environmental fitness is far too restrictive. They argue that natural selection should be seen as a prescriptive rather proscriptive process. Selection shouldn't be seen as a 'what is not allowed is forbidden' process but rather as a 'what is not forbidden is allowed' process. Organisms vary and natural selection discards those varieties which are not compatible with the strictures of survival and reproduction. However these strictures allow for the constant generation of an enormous diversity of organisms that both shape and are shaped by their environment (Varela et al., 1993, p.195 ). This may not be as coherent a plot line as that provided by the Darwinian narrative but it may provide a more comprehensive account of how evolution happens.
The Descent of Man
When looked at from the perspective of its denouncement, the story of human evolution can be seen as a long march toward the acquisition of a large vertebrate frame, sexual reproduction, immature birth, an upright posture, a flexible thumb, a digestive system capable of utilizing a varied diet and, of course, a large brain. Each of these traits can be seen as optimally advantageous adaptations to environmental pressures. Of course had any of these traits put the species that had them at a distinct disadvantage in the struggle to survive and reproduce we wouldn't be here to tell the tale. It is easy to look at ourselves as possessing traits which have allowed us to dominate the earth because we have. Everything is inevitable once it happens.
What needs to be kept in mind is the extreme improbability of this developmental sequence occurring. "… [N]one of this makes sense except as part of a sequence, one of many sequences that were possible" (Wilson, 2012, p.50) . We are, in Wilson's terms, the improbable result of lucky turns in the evolutionary maze.
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The "descent of man" was an iffy, haphazard process, one possibility of many left open by the proscriptive strictures of survival and reproduction. The evolutionary pathways taken by what turned out to be our prehuman mammalian forbearers were mazelike, consisting of a variety of directions and outcomes of which our species was but one and anything but ordained. In sum, "there is no evidence in living species that some inevitable progressive trend leads to us" (Deacon, 1997, p.30) .
Hominid primates existed at least two million years before humans. They existed in diverse forms. Except in hindsight it is difficult to see these forms as stepping stones to Homo sapiens, each one better adopted than its historical predecessor (Hoffecker, 2009; Hublin, 2009; Reich et al., 2010) .
"The origin of modern humanity was a stroke of luck… and a near thing at that" (Wilson, 2012, p.50) . The existence of hominid creatures was precarious. Their populations were sparse. In the harsh environment of the Neocene period during which hominid primates emerged smaller mammals were better able to protect themselves from extreme environmental changes than hominids. They employed burrowing and hibernation to protect them from larger predators. Hominids did not. Extinction rates for all large social mammals including hominids during this period were very high (Wilson, 2012, p.35) .
Weather during this period didn't make things easier. Continental glaciers advanced south across Eurasia. Africa, covered by grasslands and desert, suffered a period of prolonged drought and cooling. "In these times of stress the death of a few thousand individuals, possibly just a few hundred, could have snapped the line to homo sapiens altogether" (Wilson, 2012, p.35) . "Our prehuman ancestors were not chosen, nor were they great. They were just lucky" (Wilson, 2012, p.22 ).
Thinking about Thinking
The chapter in the evolutionary narrative of most interest to students in the social sciences and the humanities is the emergence of human properties of mind. Compared to our mental properties "the rest of our biology is almost incidental" (Deacon, 1997, p.21) . Tracing the evolutionary history of cognition is notoriously difficult because thinking leaves no fossil record. The size and shape of skulls may provide some indication of brain size, but there appears to be no clear correlation between brain size and levels of cognition (Deacon, 1997, p.153).
If we want to get an idea of how human mental capacities evolved the indirect way is to compare human cognition and communication with that of other animals. Such a comparison reveals a number of things. First, we share many of the features involved in our cognition and communication with other animals. Second, the use which other animals make of these features is more limited than or own. Third, humans have cognitive capacities which are unique.
Other animals besides humans are capable of categorical perception, employ signs for communication, use abstract concepts, have large memories, recognize kin and hierarchy. Some may even have a "theory of mind" and a limited sense of self.
Chinchillas, macaques and some birds are capable of categorical perception (Kuhl & Miller, 1975) . Vervet monkeys have a sophisticated calling system which they employ to warn one another of the presence of predators using different sounds to indicate the presence of different predators (Seyfarth, Cheney & Marler, 1980) . Recent studies indicate that macaques, Diana monkeys, meerkats, prairie dogs, chickens use similar call systems (Hauser, Chomsky, & Fitch, 2002) . Many species show an impressive ability to both discriminate between and generalize human speech sounds (Kuhl & Miller, 1975) . These data provide evidence not only of categorical perception, but also of the ability to discriminate among different phonemes (Kluender, Lotto, Holt, & Bloedel, 1998 While a number of species have impressive perceptual, cognitive and communicative abilities as well as large memory capacity, the uses to which they put these abilities is limited. They utter distinct signals only in functionally important contexts in present time. The number of signals they can make is small. They don't create new sounds for new situations.
While chimpanzees can be taught to understand and use numbers, the training requires thousands of trials over a number of years. Even then they are unable to count beyond the number nine. By contrast a human child who has acquired the numbers 1, 2, and 3 (and sometimes 4) goes on to acquire all the others; he or she grasps the idea that the integer list is constructed on the basis of the successor function. Chimpanzees do not (Wynn, 1992) .
There is an odd mismatch between the conceptual knowledge of non-human primates and their ability to communicate this knowledge. Although a wide variety of nonhuman primates have access to a rich knowledge of who is related to whom, as well as who is dominant and who is subordinate, their ability to express this knowledge is very limited ( Shettleworth, 1998; Hauser, 2000) .
The evidence on chimpanzee's theory of mind is equivocal. In some tests they were unable to differentiate between ignorant and knowledgeable individuals with respect to intentional communication. It is not possible at present to derive any firm conclusions about the presence or absence of mental state attribution in chimps. (Penn & Povinelli, 2007) .
While the use of signs is ubiquitous throughout animal kingdom, the relationship between animal signs and their referent appear to hold only as long as they coexist in time and place. When this correlation between time and place breaks down the relationship is forgotten (Deacon, 1997, p.82). Moreover, nonhuman forms of communication "tend to occur as isolated signals, in fixed sequences, or in relatively unorganized combinations…their correspondence with events and behavioral outcomes tend to be one-toone correlations" (Deacon, 1997, p.33) .
In human language, by contrast, there is typically no straightforward word-thing relationship. Most of the words of human language are not associated with specific functions (e.g., warning cries, food announcements) and can be linked to virtually any concept that humans can entertain. Such usages are often highly intricate and detached from the here and now.
When humans employ symbols the symbolic relationship between a sign and its reference remains even when the sign and what it signifies don't occupy the same time and place. "The symbolic remains stable nearly independent of any such correlation. In fact the physical association between an appropriate object of reference can be quite rare, or even an impossibility, as with angels, unicorns and quarks" (Deacon, 1997, p.70).
What gives linguistic symbols the capacity to maintain the relationship to their referent even in the absence or even the possibility of their co-occurrence in time and place is the placement of symbols within ~ 18 ~ a symbolic system. Linguistic symbols indirectly refer to the things in the world only by virtue of their reference to other symbols. Words don't just represent things in the world, they also represent each other. The meaning or sense (as opposed to reference) of a linguistic symbol is based on the determinate position it occupies in the system of symbols. The comprehension of the meaning of linguistic symbols and the production of meaningful statements involves combinatorial analysis. The structure of the linguistic system as a whole determines the ways symbols modify each other's referential functions in different combinations (Deacon, 1997, p.99) . "This referential relationship between the words…forms a system of higher order relationships that allow words to be about indexical relationships, and not just indexes in themselves. To perform this function linguistic symbols, words, need to be in context with other words, in phrases and sentences, in order to have any determinate reference. Symbolic reference derives from combinatorial possibilities and impossibilities, and we therefore depend on combinations both to discover it (during learning) and to make use of it (during communication)" (Deacon, 1997, p.83) . No species other than humans has the capacity to recombine meaningful units into an unlimited variety of larger structures, each differing systematically in meaning.
Humans like other species employ iconic and indexical signs to communicate but when indexical and iconic signs are incorporated into human language they are transformed. Indexicality is incorporated into what Jakobson (1956 Jakobson ( , 1971 ) called the metonymic pole of language: "words with very different (complementary) referential functions tend to be adjacent to one another in sentences" (Deacon, 1997, p.83). Iconography is incorporated into the metaphoric pole of language: "Words that carry similar referential function are more often used alternatively and not together …" The iconic (metaphoric) and indexical (metonymic) poles of language work together within the system of language. The metonymic aspect of language is constructed "…from a set of relationship between icons'" and the metaphoric interpretation is achieved "by bringing this assembly of iconic relationships to bear on the assembly of new stimuli" (Deacon, 1997, p.77).
Symbolic systems like language and mathematics are recursive in nature. The combination of symbolic elements in the system is done on the basis of rules which can be applied over and over again. The recursive nature of rules is what allows us to transform a sentence like "This is the house that Jack built" into sentences like "This is the cat that killed the rat that ate the malt that lived in the house that Jack built."
The recursive nature of linguistic rules gives human language its capacity for discrete infinity (Chomsky 2000) . Put simply, it is what allows us with a limited number of words and a limited number of rules to construct an unlimited number of sentences.
While other animals have large memory capacities, human memory is at different level of complexity. Our ability to recall episodes from our past is dependent on the existence of a more basic form of semantic memory.
"Semantic memory is the memory necessary for the use of language. It is a mental thesaurus, organized knowledge a person possesses about words and other symbols, their meaning and referents, about relations among them, and about rules, formulas, and algorithms for the manipulation of those symbols, concepts and relations" (Tulving, 2002) .
Episodic memory combines with aspects of semantic memory to make up what is known as autobiographical memory and "…as biography switches to autobiography, may even herald the concept of self" (Corballis, 2011, p.83 ).
Humans employ their recall of previous experiences, represented in memories, to extrapolate possible future events. We use these extrapolations to construct in thought alternative hypothetical behavior patterns and prepare alternative behavioral responses to them (Ingvar, 1979, p. 21) . Our complex memory and language systems give us the ability to project ourselves back in time or imagine future time and to www.todayscience.org/sst.php
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Vol. While chimpanzees may have a rudimentary theory of mind and sense of self, the unique properties of human memory and language (recursivity and the resulting capacity to generate discretely infinite number of thoughts) give humans the ability to engage in much more advanced forms of social thought and action.
Suddendorf and Corballis dubbed the ability to recall previous episodes and project possible future ones mental time travel. They argue that this ability is unique to humans (Suddendorf & Corballis, 1997) . Mental time travel involves not just a conscious acting out of episodes, whether past or future, but a recursive embedding of episodes into one another (Corballis, 2011, p.106 ).
This kind of recursive thinking is what allows us to ascribe different levels of intentionality to ourselves and others. Imagined scenarios like "Jack thinks that I want him to build a house" can be transformed into "Jack thinks that I think there is a rat in the house that he built" and "I want Jack to think that I want him to destroy the malt so that it won't attract rats into his new house." It also makes possible the perpetuation of deceptions like "I don't want Jack to know that what I really want is for him to get rid of the malt in his house because I think he will use it make beer and invite his friends over to drink."
As with the classic version of the evolutionary narrative and that of the evolution of humans as a species it is tempting to conceive of the evolution of human mental properties as the inevitable outcome of a gradually unfolding series of stages leading to ourselves, "the only species capable of reflection" (Deacon, 1997, p.28) .
Once again it doesn't appear to be that simple. Just as evolutionary biology is rife with controversy so are the cognitive sciences. There are different positions on the nature and origins of human language; on whether language developed gradually or emerged all at once; on which properties of language are universal and which vary amongst natural languages; on whether language is a property of mind or a reflection of properties of mind of which it is but one product (Chomsky, 2000; Hauser et al., 2002; Corballis, 2011; Varela et al., 1993; Tomasello, 1999; Oller & Griebel, 2004) .
Some the features important to human language and cognition we share with other primates. That is what we would expect if language and advanced cognition was the product of natural selection and natural selection was a gradual, step-by step process of development. Others key features, however, we share with avian species. If, as all biologists seems to agree, evolution is a matter of modification through descent than this process must be much more complex than the classic Darwinian narrative would suggest.
Regardless of how we acquired them the features of human cognition which are unique to us (mastery of symbolic systems, acquisition of a complex and incredibly large memory system containing both semantic and episodic features) allows us to think and speak recursively. This recursivity is responsible for our ability to generate a discretely infinite number of thoughts and utterances. This ability has in turn led to time travel and a theory of mind. These abilities have given us the capacity for strategic and counter strategic thinking and actions. All these abilities have provided us with the biological basis to construct a large number of forms of sociality and culture. These forms of sociality and culture have allowed us to conquer the earth. Whether we will have the wisdom not to destroy what we have conquered only time, future not past time, will tell.
Conclusion
This is a cautionary tale about evolutionary narratives. It isn't an attack on evolution; a denial of the biological components of human cognition; or a statement of opposition to the integration of biology into ~ 20 ~ the study of human culture and social action. I think that we have a nature rooted in biology and that the universal properties of which that nature consists should be the foundation of a serious study of human culture and social action.
If we are to integrate cognitive studies and biology into the study of human culture and cognition we should be careful how we do so. "The theory of evolution" particularly when it is presented in narrative form is really an explanatory sketch. Natural selection is not law-like because it must be linked to massive context sensitivity. It can tell us in general way what must have been the kind of event which was responsible for the evolution of one species from another. "There is a considerable distance between the establishment of this connection and the identification of the specific event which falls under this general description…for there are an endless variety of instances which fall under roughly the same general description" (Danto, 1965, p.243 ).
At their worst evolutionary explanations can border on tautology or on an affirmation of the consequent. Because a certain trait exists, is wide spread and has had a long life, we cannot assume it is an evolutionary adaptation and then speculate on how it might have contributed to a species' fitness.
Cautions heeded there is much to be gained by integrating evolutionary and developmental biology into the social sciences and the humanities. Locating ourselves in evolutionary time is revelatory and humbling. As a species we are less than two hundred thousand years old, babes in the evolutionary woods. Until fifteen thousand years ago we were just one species amongst many, getting by in good times and on the edge of extinction in bad.
Approximately fifteen to ten thousand years ago we used our unique cognitive architecture to develop a series of inventions which changed us and life on the planet. Agriculture, the domestication and breeding of plants and animals, the development of new tools and weapons pretty much necessitated our living in long-term settlements. Because this "Neolithic revolution" occurred more or less simultaneously in at least six different locales it would seem that by then the cognitive architecture that made this revolution possible was already species wide (Wilson, 2012, p.97-105) .
These inventions meant that we were able to transcend the Malthusian dilemma upon which the Darwinian struggle for existence was based. From then onwards when the human population outstripped the available food supply we were no longer at the mercy of fitness enhancing genetic mutations to survive. We could produce our way out of resource shortages. We've been doing it ever sense. Whether the planet's ecology can continue to let us do it, is another very important question.
The massive alterations in human existence which have occurred over the last ten or fifteen thousand years have been far too swift to have been caused by evolutionary changes in human biology. They almost certainly were, however, made possible by our biological capacities particularly the unique cognitive architecture which is part of our nature. This unique cognitive architecture has enabled us to conceive of and construct a wide variety of social and cultural forms and to engage in social action and interaction which is virtually unlimited and in many ways unpredictable. This cognitive architecture was no doubt formed through a long evolutionary process of modification through descent though the precise nature of that process is anything but certain.
The challenge this poses for the social sciences and the humanities is not to trace back the wide variety of social and cultural forms we have developed to their biological origins. It is precisely the reverse. It is to understand and describe how these universal cognitive properties allowed us to produce such a wide diversity of social and cultural forms. We need to create a conception of social action which is simultaneously biological, cultural/social and situational. At the biological level innate properties of mind provide the prerequisites for the self, self-consciousness and meaningful interaction. The social and cultural level provides the occasion within which these mental properties are activated. However innate capacities and social and cultural forms don't act and interact, people do. In the end it is people who employ their innate capacities, shaped within particular social and cultural forms, to live their everyday
